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Abstract

Background The Ponseti method for treating clubfoot consists of initial treatment with serial casting accompanied
by achillotenotomy if needed, followed by the maintenance phase including treatment with a foot abduction orthosis
(FAO) for at least four years. This study aimed to examine the duration, course, and outcome of orthotic treatment in
children with clubfoot.

Methods 321 children with clubfoot, born between 2015 and 2017, registered in the Swedish Pediatric Orthopedic
Quality Register (SPOQ), were included in this prospective cohort study. Data on deformity characteristics and orthotic
treatment were extracted. For children with bilateral clubfoot, one foot was included in the analysis.

Results Of the 288 children with isolated clubfoot, 274 children (95.5%) were prescribed an FAO, and 100 children
(35%) changed orthosis type before 4 years of age. Of the 33 children with non-isolated clubfoot, 25 children (76%)
were prescribed an FAQ, and 21 children (64%) changed orthosis type before 4 years of age. 220 children with isolated
clubfoot (76%), and 28 children with non-isolated clubfoot (84%) continued orthotic treatment until 4 years of age or
longer. Among children with isolated clubfoot, children ending orthotic treatment before 4 years of age (n=63) had
lower Pirani scores at birth compared to children ending orthotic treatment at/after 4 years of age (n=219) (p=0.01).
It was more common to change orthosis type among children ending orthotic treatment before 4 years of age
(p=0.031).

Conclusions The majority of children with clubfoot in Sweden are treated with an FAO during the maintenance
phase. The proportion of children changing orthosis type was significantly greater and the Pirani score at diagnosis
was lower significantly among children ending orthotic treatment before 4 years of age. Long-term follow-up
studies are warranted to fully understand how to optimize, and individualize, orthotic treatment with respect to foot
involvement and severity of deformity.

Level of evidence |I.
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Introduction

Clubfoot is a common congenital orthopedic pediatric
foot deformity [1], characterized by equinus of the ankle,
varus of the hind foot, cavus, and forefoot adduction with
associated atrophy of the calf muscles [2]. Clubfoot com-
monly presents as isolated congenital, even though the
condition may be associated with other conditions such
as myelomeningocele or arthrogryposis [3]. The cause is
considered to be multifactorial, including both genetic
and environmental factors [3]. In Sweden, around 1.35
children/1,000 live births are born with clubfoot, includ-
ing both isolated and non-isolated cases. Of the children
with isolated clubfoot, around 74% are boys and 47% have
bilateral involvement [4]. Between the years 2016 and
2019, 8% of children born with clubfoot in Sweden were
reported to have clubfoot in combination with other dis-
eases, referred to in this article as non-isolated [4].

The Ponseti method is currently considered the gold
standard treatment of both isolated and non-isolated
clubfoot [5]. Initial treatment includes weekly stretches,
manipulations, and casting, accompanied by achillote-
notomy if needed [6]. According to the Ponseti method,
five to seven casts are usually needed to correct a club-
foot in a child with an isolated clubfoot [7]. For children
with non-isolated clubfoot or clubfeet with atypical signs,
a modified casting technique and sometimes additional
number of casts are required [8, 9]. Initial treatment typi-
cally starts within the first weeks of life, and is followed
by orthotic treatment for four to five years [10], which is
termed the maintenance phase, and is the primary focus
of this study.

The Swedish Pediatric Orthopedic Quality Register
(SPOQ), founded in 2015, covers five common pediat-
ric diagnoses of which clubfoot is one [11]. This national
prospective total cohort register aims to obtain generaliz-
able knowledge, and to improve treatment and outcomes
for all children with the included diagnoses. In SPOQ
clubfoot section, foot deformity before and after treat-
ment, and details of initial treatment, e.g. type of orthosis
and prescribed time of orthotic use, are reported accord-
ing to a standardized protocol. The gold standard treat-
ment for children with clubfoot born in Sweden is, and
was between 2015 and 2017, the Ponseti Method [12].
The Ponseti method has improved clubfoot treatment,
with a described drop in need for surgical interventions,
during and following initial treatment and maintenance
phase [8, 13, 14]. Despite successful treatment, recur-
rence of the initial foot deformity is common, particu-
larly among those non-compliant to orthotic treatment
[15-22]. Therefore, a systematic analysis of the treatment

provided, and how the recommended treatment is
being followed may provide insights to further improve
orthotic treatment in children with clubfoot.

The primary aim of this study was to examine the dura-
tion, course, and outcome of orthotic treatment in chil-
dren with isolated and non-isolated clubfoot deformity in
Sweden using a national cohort of children born between
2015 and 2017. Secondly, we aimed to analyze change of
orthosis type and end of orthotic treatment with respect
to severity of clubfoot deformity at diagnosis and uni- or
bilateral involvement in children with isolated clubfoot.

Ethics statement

This study was approved by the Swedish Ethical Review
Authority, DNR: 2019-04989. Details applying to this
ethical approval are reported elsewhere [4]. Unidentified
data was accessed the 1st of September 2022, and partici-
pants could not be identified by the authors.

Materials and methods

At birth, upon suspicion of clubfoot, the child is referred
to one of the 28 pediatric orthopedic centers treating
clubfoot in Sweden. In 2017, 27 of these centers register
data in SPOQ, between the years 2015 to 2017 the cov-
erage increased from 40 to 96% [11]. Since almost all
children in Sweden are born at a hospital, there are prac-
tically no undiagnosed cases. To validate the number of
children with clubfoot registered in SPOQ, these num-
bers were compared with those in the Swedish national
patient register and the average national completeness
was 82% in 2017 [11].

Participants

After a clubfoot diagnosis, children with isolated or non-
isolated clubfoot are registered in SPOQ by the treating
hospital. The inclusion and exclusion criteria for entry
in SPOQ are described in detail elsewhere [4]. Between
the 1st of January 2015 and the 31st of December 2017,
387 children with clubfoot (a total number of 579 club-
feet) were registered in SPOQ. All children with clubfoot
registered in SPOQ at birth and at 4 years of age were
included in the present study.

Studied parameters

The following parameters were extracted from SPOQ:
Number of children with isolated clubfoot and non-iso-
lated clubfoot; Gender; Uni- or bilateral involvement;
Presence of atypical signs before the start of treatment
(described in detail elsewhere [4]); Pirani score at diag-
nosis; Type of prescribed orthosis; Time of prescribed
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orthotic use; Parent-reported hours of orthotic use;
Change of orthosis type; End of orthotic treatment; and
Pirani B6hm Sinclair (PBS)-score at 4 years of age.

Non-isolated clubfoot

In SPOQ, clubfeet associated with other diseases (non-
isolated clubfoot) are reported upon entry in the register
in one of the following categories: Arthrogryposis mul-
tiplex congenital Q74.3; Spina bifida Q05.9; Congenital
malformation syndromes predominantly involving limbs
Q87.2; Neurological diseases (not specified); and Other
(not specified). The number of clubfeet associated with
other diseases were adjusted based on updated reports at
the one-year follow-up.

The Pirani score

Clubfoot deformity is often classified at the first visit
to specialized health care and after casting treatment
according to the Pirani score. The Pirani score is a dis-
ease-specific foot deformity classification system, scoring
the foot deformity from 0 (no foot deformity) to 6 (maxi-
mum foot deformity) [23-25]. Feet with a score of less
than 1 are classified as positional clubfeet or other minor
foot deformities, and these are not possible to register in
SPOQ [11].

Orthotic treatment

In this study, orthotic treatment was defined as the treat-
ment period following directly after the cast treatment
for at least four consecutive years (termed the main-
tenance phase). According to the Ponseti method, the
initial treatment is followed by treatment with a foot
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abduction orthosis (FAO) as the first choice (Fig. 1).
Other types of orthoses that may be utilized if the FAO
is not accepted by the child, or for other reasons, include
knee-ankle-foot-orthosis (KAFO) and ankle-foot-ortho-
sis (AFO).

Parent-reported hours of orthotic use and change of
orthosis type

During a clinical follow-up, when the child was aged 1
and 4 years, parents were asked by their treating health-
care provider for how many hours the orthosis was used.
The treating healthcare provider then registered the
reported number of hours according to fixed categories;
>10 h/night, 6-10 h/night, <6 h/night in the register. In
case of change of orthosis type, the fixed categories pos-
sible to report reasons for changing orthosis type were:
“Abrasions’, “Parental request’, “Sleep disturbances’, or
“Other”. Providing a reason for changing orthosis type
was not mandatory, therefore this data was not included
in the present study.

The PBS-score

The PBS-score was published in 2019 as a tool to grade
the severity of clubfoot deformity in ambulatory chil-
dren [26]. In 2022, a recommended core outcome set for
evaluating children with clubfoot was published in which
the PBS-score was included [27]. The score ranges from
7 (no foot deformity) to 18 (severe foot deformity), and is
based on evaluations in standing (hind foot varus, fixed
supination), walking (swing phase supination, early heel
rise), passive subtalar abduction, active and passive ankle

©Sverrir Kiernan

Fig. 1 A Foot Abduction Orthosis (FAO), the first choice according to the Ponseti Method. The FAO consists of two shoes, outward rotated to 60 degrees,

connected by a bar. © Sverrir Kiernan
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dorsiflexion [26]. The PBS-score is registered in SPOQ
when the child is 4 years of age.

Statistical analyses

Statistical analyses were performed using the Statisti-
cal Package for Social Sciences, version 25 (SPSS Inc.,
Chicago, IL, USA) with p<0.05 determining statistical
significance. Demographics and disease characteristics
were described using median, minimum, maximum, fre-
quency, and/or percent.

A chi? test was used to; estimate differences in the
proportion of boys/girls, uni-/bilateral involvement, the
number of feet with atypical signs between children with
isolated clubfoot and those with non-isolated clubfoot,
the proportion of parents reporting orthotic use>10 h/
day at 1 and 4 years of age, and the proportion of chil-
dren changing orthosis type before or at/after 4 years
of age. The Mann-Whitney U test was used to evaluate

Table 1 Demographic description of the included children with
clubfoot

Total Isolated Non- Differences be-
popula- clubfoot isolated tween children with
tion (n=288) clubfoot isolated and non-
(n=321) (n=33) isolated clubfoot

Boys (n (%)) 229 (71) 207 (72) 22 (67) 067

Bilateral (N 156 (49) 144 (50) 21 (64) 0.14

(%))

Atypical  24(75)  16(6) 8(24) <0.001"

clubfoot (n

(%))

Piraniscore 45(1,6) 45(1,6) 55(15,6) <0.0042

at diagno-

sis (median

(min, max))

Non-

isolated

clubfoot:

Arthro- 7(2) N.A 7(21)

gryposis

multiplex

congenita

(n (%))

Spina 3(1) N.A 3(9)

bifida (n

(%))

Congenital  5(2) N.A 5(15)

malforma-

tion syn-

dromes* (n

(%))

Neurologi- 5 (2) N.A 5(15)

cal diseases

(n (%))

Other,not 13 (4) N.A 13 (39)

specified (n

(%))

N, number of clubfeet/children; N.A, Not Applicable; !, Chi® test; 2, Mann-
Whitney U test; *, predominantly involving limbs
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differences in the Pirani score at diagnosis between
children with isolated and non-isolated clubfoot, and
between children with isolated clubfoot ending orthotic
treatment before or at/after 4 years of age. To compare
differences in the PBS-score at 4 years of age between
children ending orthotic treatment before 4 years of age
and children continuing orthotic treatment to 4 years of
age or longer, the Mann-Whitney U test was used. To
account for the effect of bilateral disease when evaluat-
ing the treatment, only one foot from children with bilat-
eral involvement was included. The right or left foot was
included for every second child based on the inclusion
number in the register, allowing an even spread across
centers and years.

Results

Participants

Of the 387 children registered in SPOQ between 2015
and 2017, clubfoot status at 4 years of age was reported in
a total of 321 children. Of the 321 included children, 288
(90%) had isolated clubfoot. Thirty-three children (10%)
had a non-isolated clubfoot. Details are shown in Table 1.
An overview of included data presented on group level
are shown in Appendix 1.

Missing data

Registration at 4 years of age was missing for 66 chil-
dren out of the 387 children. Thus, they did not meet
the inclusion criteria and were not included in the pres-
ent study. Out of these 66 children, 56% had bilateral
involvement, and 71% were boys, both comparable num-
bers with the included children with a 4-year follow-up.
23% had non-isolated clubfoot which was a significantly
higher proportion as compared to the included children
with a registered 4-year follow-up (p=0.05). Hence, chil-
dren without registration in SPOQ at 4 years of age had a
non-isolated clubfoot to a greater extent. Out of the 321
included children, twenty-seven children (8%) did not
have a 1-year registration, and for these children data on
parent-reported orthotic use at the 1-year follow-up is
missing. In 2015, when the SPOQ-registrations started,
all variables were not mandatory. Therefore, a few cases
of missing data were noted, and these are reported in
specific in relation to each outcome and in Appendix 1.

Prescribed type of orthosis

Isolated clubfoot

Of the 288 children with isolated clubfoot, 275 children
(95%) were prescribed an FAO, seven children (2%) a
KAFO, and two children (1%) an AFO. Two children (1%)
were prescribed other, non-specified orthosis, and two
children (1%) were not prescribed any orthosis.



Naili et al. BMC Musculoskeletal Disorders (2024) 25:425

Non-isolated clubfoot

Of the 33 children with non-isolated clubfoot, 25 chil-
dren (76%) were prescribed an FAO, four children (12%)
a KAFO, and two children (6%) an AFO. Two children
(6%) were prescribed other, non-specified orthosis.

Prescribed orthotic use

Isolated clubfoot

From the start, 266 children (92%) with isolated clubfoot
were prescribed to use the orthosis 23 h/day for the first
three months, 16 children (6%) were prescribed 18 h/day,
and two children (1%) 10-14 h/day. The information was
missing for four children (1%).

Non-isolated clubfoot

From the start, 30 children (91%) with isolated clubfoot
were prescribed to use the orthosis 23 h/day for the first
three months, and two children (6%) were prescribed
18 h/day. No child was prescribed 10-14 h/day. The
information was missing for one child (3%).

Parent-reported orthotic use

The number of parents reporting time of orthotic
use>10 h/day decreased significantly between 1 and 4
years of age for children with isolated clubfoot p=0.001),

0

(8.8

p =001

Percent (%)

1 Year 4 Year

(W3]

Isolated clubfoot (n=288)
@6to 10h/d

Fig. 2 Parent-reported orthotic use at 1 and 4 years of age

Y
'\
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while the reported time of >10 h/day remained stable
over time for children with non-isolated clubfoot (Fig. 2).

Isolated clubfoot

At 1 year of age, 210 children (73%) with isolated clubfoot
used their orthosis>10 h/night, 45 children (16%) used
their orthosis between 6 and 10 h/night, and 11 children
(4%) used their orthosis<6 h/night. The information was
missing for 22 children (7%). At 4 years of age, or when
ending orthotic treatment, 171 children (60%) with iso-
lated clubfoot used the orthosis>10 h/night, 76 children
(26%) used their orthosis between 6 and 10 h/night, and
41 children (14%) used their orthosis <6 h/night (Fig. 2).

Non-isolated clubfoot

At 1 year of age, 21 children (64%) with non-isolated
clubfoot used their orthosis>10 h/night, four children
(12%) used the orthosis between 6 and 10 h/night, and
three children (9%) used their orthosis<6 h/night. The
information was missing for five children (15%). At 4
years of age, or when ending orthotic treatment, 21
children (64%) with non-isolated clubfoot used their
orthosis>10 h/night, 9 children (27%) used the orthosis
between 6 and 10 h/night, and 3 children (9%) used the
orthosis <6 h/night (Fig. 2).

1 Year 4 Years
Non-isolated clubfoot (n=33)

m Missing

o

y M<6h/day
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Change of orthosis type

Isolated clubfoot

Of the 288 children with isolated clubfoot, 100 children
(35%) changed orthosis type, e.g. from FAO to KAFO or
AFO, before 4 years of age. Of these, 51 children changed
orthosis-type once, and 49 children changed twice or
more times.

Non-isolated clubfoot

Of the 33 children with non-isolated clubfoot, 21 chil-
dren (64%) changed orthosis type before 4 years of age.
Of these, 8 children changed orthosis type once, and 13
children changed twice or more times.

Duration of orthotic treatment
Of the 228 children with isolated clubfoot, 220 (76%)
continued with orthotic treatment until 4 years of age or
longer (Fig. 3). Of the 33 children with non-isolated club-
foot, 28 (84%) continued with orthotic treatment until 4
years of age or longer (Fig. 3).

Characteristics of children with isolated clubfoot changing
orthosis type and ending orthotic treatment before age 4
Children with isolated clubfoot ending orthotic treat-
ment before 4 years of age (#=63, median: 4.5, IQR: 3.0,
5.0) had significantly lower Pirani score at birth com-
pared to children ending orthosis treatment at/after 4
years of age (n=219, median 4.5, IQR: 4.0, 5.5) (p=0.01).
While not statistically different, children with isolated
unilateral clubfoot ended orthosis treatment more often
before 4 years of age compared to children with isolated
bilateral clubfoot (28% vs. 19%, p=0.052).

80
70
60
$ 50
E \(‘
S 4
s
v 30
o
20
10
0
After 4 years At 4 years
Isolated clubfoot (n=288)

Fig. 3 Parent-reported end of orthotic treatment
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Children ending orthotic treatment before 4 years of
age changed orthosis type statistically significantly more
often (n=31, 46%) compared to children ending orthosis
treatment at/after 4 years of age (n=69, 31%) (p=0.031).
Children with unilateral isolated clubfoot changed ortho-
sis type more often as compared to children with bilateral
clubfoot (unilateral: 64 children (44%), vs. bilateral: 36
children (25%), p<0.001).

No difference was found in PBS-score at 4 years of age
between children ending orthotic treatment before 4
years of age (=68, median: 7, IQR: 7.0, 9.0) or at/after
age 4 (n=219, median 7, IQR: 7.0, 8.0) (»=0.08).

Discussion

This study aimed to examine the duration, course, and
outcome of orthotic treatment in children with clubfoot
deformity. To this end, data from a national Swedish
register of children born 2015-2017 were extracted and
analyzed. Results of this study demonstrate that the vast
majority of children are prescribed and treated with an
FAO during the maintenance phase. This aligns well with
the results of a recent survey conducted among clubfoot
practitioners within the Pediatric Orthopedic Society
of North America (POSNA) that aimed to identify cur-
rent treatment practices [28]. The maintenance phase
is often highlighted as the most important treatment
phase, where longer duration of treatment period results
in less recurrences [29, 30]. The FAO is the first-choice
orthosis type according to the Ponseti method, and it
has shown superior results, in addition to most often
being well tolerated by children and families [6, 8]. End-
ing orthotic treatment prematurely is a well-recognized
problem associated with an increased risk of recurrence

3-3:11 years Before 3 years

Age

@ Non-isolated clubfoot (n=33)
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[31]. In the studied cohort, only two children, both with
an isolated clubfoot, out of 321 were not prescribed any
orthosis when transitioning from initial correction to
maintenance phase.

In clinical practice, families of children with unilateral
clubfoot more often question the FAO as it is applied
on both feet. The utility of a unilateral orthosis has been
debated, and while some studies have found a higher
recurrence rate among children using unilateral orthoses,
other studies report results that are comparable to results
of using an FAO [32, 33]. Most clinicians agree that using
an(y) orthosis is better than not using one at all, and to
date, most scientific results are in favor of the FAO [31,
34, 35].

The results showed that the proportion of children
changing orthosis type during the maintenance phase
was significantly greater among children ending orthotic
treatment early. While not statistically significant, data
further indicate that children with isolated unilateral
clubfoot ended orthotic treatment prematurely to a
higher extent than children with bilateral involvement.
This may be interpreted that a request of changing ortho-
sis type should be viewed as a warning signal for insuf-
ficient compliance and ending the maintenance phase
prematurely. Thus, if change of orthosis type is discussed,
additional support from health care providers should be
offered. Families must be supported, encouraged, and
educated that compliance to orthotic treatment is the
most important factor for preventing recurrence of foot
deformity [29, 31].

In the studied cohort, 76% of the children with isolated
clubfoot and 84% of the children with non-isolated club-
foot continued with orthotic treatment until the age of
4 years or longer, indicating good compliance with the
Ponseti method on a national level. However, 60% of the
parents reported an orthotic use time at 4 years of >10 h/
day, indicating a decrease in orthotic use time between
1 and 4 years of age. The present study aimed to analyze
characteristics among children ending orthosis treatment
before 4 years of age. The 4-years evaluation in SPOQ
correspond to when most clinics end orthotic treatment
according to their local protocols, as well as to the rec-
ommendation by Ponseti international by the time that
SPOQ was founded (in 2015) [6, 8]. In recent years it has
become increasingly common to extend orthotic treat-
ment until 5 years of age with the goal to prevent recur-
rence [36]. Our results showed that children with isolated
clubfoot ending orthotic treatment before 4 years of
age had significantly lower Pirani scores at birth. Future
research is required to identify the importance of this
result. It remains unknown whether the consequences
of ending orthotic treatment prematurely are decisive or
not for children with a low Pirani score at birth. No dif-
ference was found in PBS-score at 4 years of age between
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children ending orthotic treatment before 4 years of age
or at/after age 4. Future studies should focus on evalu-
ating the long-term effect of duration of orthotic treat-
ment on functional outcomes. Furthermore, longer-term
follow-up studies are required to accurately predict the
ultimate risk of recurrent foot deformity [16]. Thomas
et al. conclude in their systematic review of recurrence
rates that patients and their care-givers should be aware
of the possibility of recurrence during middle and late
childhood, i.e. years after ending orthotic treatment [16].
Furthermore, future data from SPOQ will expand current
knowledge of late recurrence and the relation to orthotic
treatment, since children will be followed until 18 years
of age.

This study holds several limitations that need to be
acknowledged. In the register, it was not mandatory to
provide any reasons for early drop-out of the orthotic
treatment protocol, nor was it mandatory to provide the
primary reason for changing orthosis type. Thus, no con-
clusions can be drawn as of why orthotic treatment ended
before the age of 4, or the primary reasons for chang-
ing orthosis type. The current data set did not include
information on recurrence. Thus, no analyses regarding
recurrence in relation to orthotic treatment could be
performed. To the best of our knowledge, all reporting
clinics encourage orthotic use to at least 4 years of age,
and encourage orthotic use of 12 h/night. However, the
maximum option for parent-reported orthotic use-time
in SPOQ was set to 10 h/night. This time-option was set
to apply also for 4-year-old children that may sleep less
than 12 h/night [37], but that are still compliant with the
treatment regime. Finally, no additional data was col-
lected and registered in SPOQ between the 1-year and
4-year registrations. A recent study reported decreased
orthotic use time over a three-month period in children
aged 2 years. By the second year of orthotic treatment,
nearly half of the patients wore their orthoses 8 h or less
[38]. With that in mind, results of the present study can-
not inform when in time the decrease of orthotic use
occurred.

This is the first study evaluating change of orthosis
type and how this relates to ending orthotic treatment
prematurely. While children with clubfoot in Sweden
are treated according to the Ponseti method, there is no
national consensus on when to end the orthotic treat-
ment. The present study includes a national cohort with
prospectively and longitudinally collected data which is
considered as a strength. The included data points are
well-defined and described on the register website, and
there are regular user-meetings for clinicians and admin-
istrative staff involved in the registration process [11].
Furthermore, the directors of the clubfoot register are
continuously in contact with pediatric orthopedic centers
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when needed to assist with interpretation of scales, and
to encourage registration.

Conclusion

Results of this study demonstrate that the vast majority
of children with clubfoot in Sweden are prescribed and
treated with an FAO during the maintenance phase. The
proportion of children changing orthosis type during
the maintenance phase was significantly greater and the
Pirani score at diagnosis was significantly lower among
children ending orthotic treatment before the age of 4
years. Thus, requests to change orthosis type may indi-
cate insufficient compliance. Longer term follow-up
studies are warranted to fully understand how to opti-
mize, and individualize, orthotic treatment with respect
to foot involvement and severity of deformity.
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